Type IIA Flux Vacua and $\alpha'$-corrections by Escobar, Dagoberto et al.
IFT-UAM/CSIC-18-131
Type IIA Flux Vacua and α′-corrections
Dagoberto Escobar, Fernando Marchesano, Wieland Staessens
Instituto de F´ısica Teo´rica UAM-CSIC, Cantoblanco, 28049 Madrid, Spain
Abstract
We analyse type IIA Calabi-Yau orientifolds with background fluxes, taking into
account the effect of perturbative α′-corrections. In particular, we consider the α′-
corrections that modify the metrics in the Ka¨hler sector of the compactification. As
it has been argued in the literature, including such α′-corrections allows to construct
the mirror duals of type IIB Calabi-Yau flux compactifications, in which the effect
of flux backreaction is under control. We compute the α′-corrected scalar potential
generated by the presence of RR and NS fluxes, and reformulate it as a bilinear
of the flux-axion polynomials invariant under the discrete shift symmetries of the
compactification. The use of such invariants allows to express in a compact and
simple manner the conditions for Minkowski and AdS flux vacua, and to extract the
effect of α′-corrections on them.
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1 Introduction
Compactifications with background fluxes have proven to be a very fertile framework to
construct phenomenologically appealing string theory vacua [1–4]. A simple and somehow
paradigmatic example of such constructions are type IIB orientifold compactifications with
three-form fluxes and their F/M-theory counterparts [5–8]. One important feature of this
class of vacua is that one can incorporate background fluxes as quantised harmonic forms
on top of an internal Calabi-Yau geometry, and solve for the 10d supergravity equations
of motion by simply adding a non-trivial warp factor with a specific internal profile.
Given our knowledge of compact Calabi-Yau geometries, this allows to build a plethora
of explicit flux compactifications.
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Another interesting feature of this case is that, in the large volume regime, one can eas-
ily generate a parametric separation between the Kaluza-Klein scale and the flux-induced
mass scale for the Calabi-Yau former moduli. On general grounds, one would expect that
when such scale separation is large the modification of the 4d effective theory by the pres-
ence of fluxes is minimal, in the sense that they generate a non-trivial superpotential [7]
but their effect on the Ka¨hler metrics is negligible. In this case one may describe the 4d
effective potential in terms of a flux-induced superpotential and the Ka¨hler potential of
the Calabi-Yau compactification, as it is standard practice in most of the flux literature.1
These two attractive features are less established in other corners of the flux landscape,
like for instance type IIA flux compactifications. There, it is known that the presence of
RR and NS fluxes will modify the internal background geometry to a manifold of SU(3)
or SU(3) × SU(3) structure [20–26], but there is less control on how such a geometry
is related to a deformation of a compact Calabi-Yau metric.2 As a result, a mechanism
to generate an abundance of 10d explicit solutions with six compact internal dimensions
is lacking, in sharp contrast with the type IIB case. One may address this obstacle by
considering Calabi-Yau flux compactifications in the large volume limit, in a regime where
fluxes are diluted. In principle, if the 4d cosmological constant and the flux-induced masses
of scalars are well below the Kaluza-Klein scale, one should be able to apply the above
criterion to argue for the consistency of the flux compactification. Moreover, it should
then be possible to implement a systematic search for vacua using a 4d approach, with
the flux generated superpotential and the Ka¨hler potential of the pure Calabi-Yau case.
Nevertheless, since essentially all the compactifications of this kind involve massive type
IIA supergravity [29–33], and therefore a Romans’ parameter that cannot be diluted as
other fluxes, objections have been raised on whether the whole approach is justified [34].
Rather than debating on general grounds, one may instead consider classes of type IIA
flux compactifications whose existence is assured by string dualities. For instance, one
may consider the mirror duals of the type IIB warped Calabi-Yau compactifications in [8].
1This rule may fail in compactifications with modes localised in regions of strong warping. See e.g. [9–19]
for modifications of the effective Ka¨hler potential by warping in type IIB compactifications.
2One proposal is to smear out the O6-plane content of a given type IIA flux compactification [27]. However
it is not a priori clear [28] if smeared O-planes offer consistent approximate solutions to the string theory
equations with localised O-planes.
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Just as in the type IIB side one may describe the 4d effective theory in terms of a Ka¨hler
potential computed from dimensional reduction on a Calabi-Yau, the same should be true
in the type IIA side of the mirror map. In other words, for this class of type IIA vacua
flux backreaction may take the internal geometry away from a Calabi-Yau metric, but
in the same way as the effect of warping can be neglected in many instances, so can the
corresponding type IIA deformation. In that case one may safely implement the above 4d
approach for a systematic search of vacua, using the naive Calabi-Yau Ka¨hler potential
and the flux-induced superpotential, as long as the flux-induced masses are well below
the compactification scale.
A fairly general class of type IIA Calabi-Yau compactifications mirror dual to the
constructions in [8] was analysed in [35]. As stressed in there, a key ingredient to capture
the proper stabilisation of moduli in the type IIB side is the inclusion of (perturbative)
α′-corrections in the type IIA side, in particular those that affect the Ka¨hler moduli
sector of the compactification. In fact, together with the fluxes such corrections control
the stabilisation of the Ka¨hler moduli, and so to some extent determine whether the
compactification is in the appropriate regime of validity.
In this paper we analyse type IIA flux compactifications on Calabi-Yau orientifolds at
large or moderately large volume, in the sense that we include the effect of perturbative
α′-corrections for the Ka¨hler sector. We extend the analysis of [35], in the sense that we
compute the full scalar potential3 in the presence of general NS and RR fluxes, and apply
it to compute both Minkowski and AdS four-dimensional vacua. Our main strategy for
this analysis will be to rewrite the Cremmer et al. F-term scalar potential as a bilinear
of flux-axion polynomials, namely of the form V = ZABρAρB, as in recent work [36–39].
As shown in these references, the classical flux potential can be reformulated as such a
bilinear, with A running over the fluxes of the compactification, ρA polynomials of the
closed and open string axions of the 4d effective theory, and ZAB an (inverse) metric that
3More precisely, we consider the classical supergravity potential with perturbative α′-corrections, ignoring
gs-loop and worldsheet instanton corrections. We expect this to be a good approximation for the
compactifications at weak coupling and moderate volumes that we consider. See [35] for a more detailed
discussion of why gs-loop effects should be subdominant. Unlike in [35] we also neglect the effect of
D-brane instantons.
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only depends on their saxionic partners. The polynomial coefficients in the different ρA
are topological quantities of the compactification, like triple intersection numbers or flux
quanta, and such that the ρA are invariant under the discrete shift symmetries of the 4d
effective theory. As we will show below, this structure is preserved when α′-corrections
are included with some α′-corrections entering the definition of the axion polynomials
and others affecting the form of ZAB. This shows that the bilinear structure still holds
beyond the large volume approximation and, more importantly, in flux compactifications
in which the flux backreaction is under control. As in [38] using the flux-axion polynomials
makes manifest the discrete shift symmetries of the 4d effective theory and, as in [39],
the bilinear formalism allows to implement the search for flux vacua in a more systematic
way. Indeed, with our analysis we both recover the results of [35] and find the α′-corrected
version of the supersymmetric AdS vacua in [32,39].
The paper is organised as follows. In section 2 we revisit the type IIA flux potential in
absence of α′-corrections, and its reformulation in terms of a bilinear of axion polynomials
reviewing the results of [38, 39]. In section 3 we introduce the effect of perturbative α′-
corrections in the Ka¨hler sector and compute the resulting F-term scalar potential, again
rewriting it in terms of α′-corrected axion polynomials. With these results, in section 4 we
compute how α′-corrections affect the stabilisation of non-supersymmetric Minkowski and
supersymmetric AdS 4d vacua, reproducing previous results in the literature and obtaining
new ones. We draw our conclusion in section 5. Finally, we relegate to Appendix A the
technical details regarding the computations of section 4.
2 The classical type IIA flux potential
Type IIA flux compactifications offer a unique playground to extract symmetries and
structures inherent to (a corner of) the perturbative string landscape. To obtain these
landscape properties, the top-down physicist starts from the (tree-level) ten-dimensional
type IIA supergravity theory and compactifies it on a suitable background by choice,
such as a three-dimensional Calabi-Yau (orientifold) background with internal fluxes. The
bottom-up physicist on the other hand will obtain the resulting effective field theory in four
dimensions by applying the appropriate supergravity formalism upon specifying the pre-
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potentials, Ka¨hler potentials and/or superpotentials. Irrespective of the chosen approach,
it is essential to uncover the special properties of the landscape by using the most suitable
formalism. In light of recent results [36–39], it seems that such a formalism could be the
reformulation of the scalar potential in terms of shift-invariant axion polynomials, which
is the approach taken in this paper. These considerations will be further clarified by this
section, which summarises various well-known aspects of type IIA flux compactifications.
2.1 Type IIA flux vacua
When compactifying type IIA string theory on a Calabi-Yau three-fold CY3, the effective
four-dimensional theory is characterised by a residual (local) N = 2 supersymmetry.
The Kaluza-Klein (KK) zero-modes of the massless Neveu-Schwarz (NS) and Ramond-
Ramond (RR) fields recombine into complex scalar fields (and gauge bosons) filling out
the bosonic components of the N = 2 multiplets, i.e. one gravity multiplet, h1,1(CY3)
vector multiplets, h2,1(CY3) hypermultiplets and one tensor multiplet. For a properly
defined effective N = 2 supergravity description, the B2-axions are used to complexify
the Ka¨hler deformations of the Calabi-Yau metric into h1,1(CY3) Ka¨hler moduli T a:
Jc ≡ B + i e
φ
2 J = T aωa, a ∈ {1, . . . , h1,1}. (2.1)
The massless modes of the NS 2-form and massless Ka¨hler deformations associated to
the Ka¨hler two-form J are in one-to-one with respect to harmonic representatives of the
Ka¨hler classes [`−2s ωa] in H
1,1(M6,Z), which are taken to be dimensionless given the
insertion of the string length `s = 2pi
√
α′. The additional insertion of the ten-dimensional
dilaton φ indicates that the Ka¨hler 2-form is expressed in the Einstein frame. The Ka¨hler
moduli parameterise the Ka¨hler moduli space MK of the Calabi-Yau manifold, which
exhibits a Ka¨hler structure with Ka¨hler potential:
KT = − log
(
4
3
∫
M6
e
3φ
2 J ∧ J ∧ J
)
= − log
(
i
6
Kabc(T a − T a)(T b − T b)(T c − T c)
)
.
(2.2)
The Ka¨hler potential depends solely on the internal volume V = 1
6
`−6s
∫
M6 J ∧ J ∧ J ,
which is expressed as a cubic polynomial in ta = Im (T a) on the righthand side by virtue
of (moduli-independent) integral triple intersection numbers Kabc = `−6s
∫
M6 ωa ∧ ωb ∧ ωc.
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The B2-axions on the other hand do not enter in the Ka¨hler potential, which in turn
manifests itself in all geometric quantities derived from the Ka¨hler potential, such as the
moduli space metric.4 Furthermore, the function GT = e−KT corresponds to a homogenous
function of degree three in the geometric Ka¨hler moduli ta, which implies a no-scale
condition for the Ka¨hler potential KT :
(KT )a(KT )
ab(KT )b = 3. (2.3)
The homogeneity of the function GT implies that the Ka¨hler moduli spaceMK is equipped
with a special Ka¨hler geometry for N = 2 compactifications and that GT is determined
in terms of a holomorphic pre-potential F by the relation:
GT = i
(
T
AFTA − TAFTA
)
T 0=1
, (2.4)
where we included a complex coordinate T 0 in the set of the Ka¨hler moduli TA = (T 0, T a)
in order to work with homogeneous (projective) coordinates on the Ka¨hler moduli space.5
One can then easily check that the Ka¨hler potential (2.2) results from the (tree-level)
holomorphic pre-potential, valid at large internal volumes:
Ftree(T ) = − 1
3!
KabcT aT bT c
T 0
. (2.6)
In the next section, we will discuss potential corrections to this pre-potential, which have
to be taken into account in regions of the moduli space away from the large volume limit.
For now, we shift our focus to the complex structure moduli zκˆ with κˆ ∈ {1, . . . , h2,1},
which reside in the N = 2 hypermultiplets together with the axions emerging as the zero
modes of the RR 3-form C3 upon dimensional reduction. The discussion of the complex
structure deformations usually starts from a symplectic basis of real harmonic three-forms
4Note however that the ba-axions do pop up in the non-canonical couplings between the RR U(1) gauge
potentials inherent to the N = 2 vector multiplets. These kinetic and topological mixings between U(1)
gauge bosons are equally computed by virtue of the N = 2 pre-potential for the Ka¨hler moduli sector.
5In case one prefers to work in the affine coordinate patch (1, T a), the relation between the homogenous
function GT and the pre-potential has to be properly adjusted:
− iGT = 2F − 2F − (T a − T a)
(
∂F
∂T a
+
∂F
∂T a
)
. (2.5)
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(ακ, β
λ) in H3(CY3), in which the Calabi-Yau three-form Ω3 is expanded:
Ω3 = Z
κ(z)ακ −Fκ(z)βκ, κ ∈ {0, . . . , h2,1} (2.7)
with (Zκ,Fκ) the holomorphic periods depending only on the complex structure mod-
uli zκˆ. Through some algebra, the metric on the complex structure moduli space Mcs,
parameterised by the complex structure moduli, can be related to first order derivatives
of the holomorphic three-form. Consequently, the moduli spaceMcs is also equipped with
a Ka¨hler structure through the Ka¨hler potential:
Kcs = − log
(
i
`6s
∫
CY3
Ω3 ∧ Ω3
)
= − log (iZκFκ − iZκFκ) . (2.8)
The expansion of the Ka¨hler potential in terms of the holomorphic periods reveals im-
mediately the special Ka¨hler property as well, where the periods Fκ play the role of first
order derivatives of a pre-potential F cs with respect to the periods Zκ. More precisely,
the periods Fκ can be seen as homogeneous functions of degree one in the homogeneous
projective coordinates Zκ, such that the pre-potential F cs = 1
2
ZκFκ is a homogeneous
function of degree two. As is well-known, the holomorphic three-form Ω3 is determined
up to a complex phase, which implies the presence of a complex rescaling symmetry
Ω3 → e−h(z)Ω3 by a holomorphic function e−h(z). By virtue of this rescaling symmetry,
we can set one of the periods to one and work in an affine coordinate patch instead.
For compactifications on generic Calabi-Yau three-folds with non-vanishing Hodge
numbers, the four-dimensional theory exhibits a plethora of massless moduli in the vector
multiplets and hypermultiplets. In order to lift these flat directions and break supersym-
metry (partially), internal RR- and NS-fluxes can be introduced in the compactification.
Adding fluxes along the internal dimensions boils down to adding harmonic components
to the exact forms in the RR- and NS-fieldstrength:
G = eB2 ∧ dA → G = eB2 ∧ (dA + G) ,
H3 = dB2 → H3 = dB2 +H3,
(2.9)
such that the fieldstrengths G = G0 + G2 + G4 + G6 + G8 + G10 and H3 still satisfy the
Bianchi identities in the absence of localised sources:
d
(
e−B2 ∧G) = 0, dH3 = 0. (2.10)
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The Bianchi identities also infer the quantisation of the Page charge (in line with Dirac’s
philosophy):
1
`2p−1s
∫
pi2p
dA2p−1 +G2p ∈ Z, 1
`2s
∫
pi3
dB2 +H3 ∈ Z (2.11)
when integrated over non-trivial homological cycles pi2p with p = 1, 2, 3 for the RR sector
and pi3 for the NS-sector. In the absence of localised sources such as D-branes, the
contribution of the exact forms to the Page charge is trivial, such that flux quanta are
fully encoded in the harmonic components:
`sG0 = m,
1
`s
∫
p˜ia
G2 = m
a,
1
`3s
∫
pia
G4 = ea,
1
`5s
∫
CY3
G6 = e0, (2.12)
with p˜ia ∈ H2(CY3,Z) and pia ∈ H4(CY3,Z). To express the flux quanta associated to the
NS 3-form flux,
1
`2s
∫
Bκ
H3 = −hκ, 1
`2s
∫
Aλ
H3 = h
λ, (2.13)
we select the set of three-cycles (Aλ, B
κ) ∈ H3(CY3,Z) that are de Rahm duals to the
symplectic basis of harmonic three-forms (ακ, β
λ). In string theory the flux quanta ~q =
(e0, ea,m
a,m, hκ, h
λ) are integers, while in the low energy supergravity theory these flux
parameters are often treated as continuous deformations turning the 4d effective theory
into an N = 2 gauged supergravity with masses, Stu¨ckelberg charges and topological
charges. The internal RR-fluxes induce a 4d scalar potential for the Ka¨hler moduli whose
shape is constrained by a symplectic Sp(2h11 + 2) invariance, while the NS-fluxes provide
a scalar potential for the complex structure moduli and C3-axions in the hypermultiplets.
The formalism used so far builds heavily on the known geometric properties of Calabi-
Yau manifolds, which secretly assume a large internal volume and a weakly coupled dila-
ton. Away from the large volume regime the background fluxes cannot be considered as
diluted and their back-reaction forces us to start from SU(3) × SU(3) structure mani-
folds as compactification backgrounds. Nevertheless, one can identify a sub-class of strict
SU(3) structure manifolds preserving N = 1 supersymmetry along the four-dimensional
directions forming a Minkowski [33, 40] or Anti-de Sitter vacua [23]. Oftentimes, and in
particular to obtain Minkowski flux vacua, localised sources of negative tension such as
orientifold planes need to be present in these constructions. In this paper we choose to
include O6-planes via an orientifold projection that eliminates half of the N = 2 space-
time supersymmetry from the start. More precisely, following [31] we consider type IIA
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Calabi-Yau orientifolds M6 that correspond to the quotient manifold of a Calabi-Yau
three-fold modded out by the orientifold action ΩpR(−)FL , with Ωp the worldsheet parity
operator, (−)FL the projection operator counting the number of spacetime fermions in the
left-moving sector and R an anti-holomorphic involution along the internal directions. By
looking at the action of the involution on the Ka¨hler two-form J and the NS two-form:
R(J) = −J, R(B2) = −B2, (2.14)
one can deduce that the orientifold projection decomposes the h1,1 N = 2 vector multiplets
in the Ka¨hler moduli sector to h1,1+ N = 1 vector multiplets and h1,1− N = 1 chiral
multiplets, with the latter ones containing the Ka¨hler deformations of the Calabi-Yau
metric. The moduli space for the Ka¨hler moduli maintains its special Ka¨hler structure,
despite the orientifold projection, for which the pre-potential (2.6) now runs over the
indices a ∈ {1, . . . , h1,1− }. The orientifold projection also eliminates part of the RR-fluxes,
in line with their transformation properties under the operators Ωp(−)FL . The RR two-
form flux G2 is only supported on R-odd two-cycles p˜ia2 ∈ H−2 (M6,Z), while the RR
four-form flux G4 only threads R-even four-cycles pia ∈ H+4 (M6,Z). The impact of the
orientifold projection on the complex structure moduli sector is more drastic, yet also here
the complex structure moduli space does retain its special Ka¨hler structure in terms of
the redefined complex structure moduli for the N = 1 supersymmetric theory. A proper
definition of the N = 1 complex structure moduli starts by considering the action of the
anti-holomorphic involution on the Calabi-Yau three-form and the RR three-form C3:
R(Ω3) = Ω3, R(C3) = C3. (2.15)
Under the anti-holomorphic involution the symplectic basis of three-forms decomposes
into a basis ofR-even three-forms (αK , βΛ) ∈ H3+(M6,Z) andR-odd three-forms (βK , αΛ) ∈
H3−(M6,Z), such that one can easily deduce that the orientifold projection eliminates half
of the degree of freedom from the original complex periods in Ω3. To arrive at the N = 1
complex structure moduli one has to consider instead the complexified three-form Ωc:
Ωc = C3 + iRe (CΩ3), (2.16)
where the compensator field C ≡ e−φe 12 (Kcs−KT ) guarantees the scale-invariance of the
holomorphic three-form Ω3 → e−Re (h)Ω3 and the RR three-form insures the holomorphic
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nature of the complex structure moduli in the orientifolded theory. The independent
N = 1 complex structure moduli are thus defined through the complexified three-form
by virtue of the R-odd three-forms:
NK = `−3s
∫
M6
Ωc ∧ βK , UΛ = `−3s
∫
M6
Ωc ∧ αΛ. (2.17)
The geometry of the complex structure moduli space Mcs is characterised by a Ka¨hler
structure with Ka¨hler potential given in terms of the N = 1 complex structure moduli:
KQ = −2 log
(
1
4
Im (CZΛ)Re (CFΛ)− 1
4
Re (CZK)Im (CFK)
)
= − log (e−4D) . (2.18)
In the last step, we expressed the Ka¨hler potential for the complex structure moduli sector
in terms of the four-dimensional dilaton D defined through eD ≡ eφ√V . The periods FK
and FΛ are not independent, as they correspond to homogeneous functions of degree one
in the periods ZK and ZΛ. As such, the function GQ = e−KQ/2 is a homogeneous function
of degree two in the complex structure coordinates nK = Im (NK) and uΛ = Im (UΛ).
Hence, the Ka¨hler potential KQ satisfies the following no-scale condition:
(KQ)κ(KQ)
κλ(KQ)λ = 4, (2.19)
where κ, λ run over all complex structure moduli NK and UΛ. Similarly to the RR-fluxes,
the orientifold projection eliminates part of the NS-fluxes, which are now only supported
along the R-odd three-cycles (BK , AΛ) de Rahm dual to the three-forms (βK , αΛ).
To sum up, both N = 2 and N = 1 Type IIA Calabi-Yau compactifications come with
a moduli space that factorises into the product manifoldMK×Mcs, each equipped with a
metric obtained from a suitable Ka¨hler potential. In the presence of (mobile) D6-branes,
this innocuous description in terms of a factorised closed string moduli space no longer
holds, as the total moduli space in such a set-up also develops directions parameterised by
the open string moduli (or D6-brane position moduli), which induce specific mixings in
the Ka¨hler potential between Ka¨hler moduli and complex structure moduli [37–39]. Upon
inclusion of background fluxes, one may wonder if their backreaction may induce mixing
as well, as is the case for warped Calabi-Yau type IIB compactifications [17]. As in this
paper we aim to describe flux vacua in which the flux backreaction can be neglected, we
will also neglect their potential effect on the Ka¨hler metrics and assume that they only
appear in the superpotential, as we now describe.
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2.2 The bilinear form of the potential
The realisation that background closed string fluxes generate a four-dimensional super-
potential for the closed string moduli forms a crucial element in the search for string
vacua, as the internal fluxes give mass to moduli and stabilise their vacuum expectation
value at non-zero values. From a ten-dimensional perspective the background RR-fluxes
and NS-fluxes couple to the geometric quantities J and Ω3 that characterise the internal
geometry, such that a four-dimensional superpotential is induced upon integrating out
the compact directions [7, 41]::
Wflux =
1
`6s
∫
M6
G ∧ eJc + Ωc ∧H3, (2.20)
that is globally well-defined and manifestly gauge-invariant. By virtue of the defini-
tions (2.1) and (2.17) for the closed string moduli and the definitions for the flux quanta,
one immediately notices that the superpotential factorises in a purely Ka¨hler moduli
dependent part:
`sWT =
∫
M6
G ∧ eJc = e0 + eaT a + 1
2
KabcmaT bT c + m
6
KabcT aT bT c, (2.21)
and a purely complex structure dependent component:
`sWQ =
∫
M6
Ωc ∧H3 = hKNK + hΛUΛ. (2.22)
The structure of these perturbative superpotentials, inherited from ten-dimensional gauge-
invariance, allows for a further factorisation in geometric moduli (ta, nK , uΛ), axions
(ba, ξK , ξΛ) and a charge vector ~q consisting of the quantised fluxes, i.e. ~q = (e0, ea,m
a,m, hK , h
Λ)t
`s(WT +WQ) = ~Π
t · (R−1)t · ~q. (2.23)
In this factorisation, the geometric moduli-dependent part is fully captured by the saxion
vector ~Πt(ta, nK , uΛ) = (1, it
a,−1
2
Kabctbtc, − i3!Kabctatbtc, inK , iuΛ), while a (2h1,1− + h2,1 +
11
3)× (2h1,1− + h2,1 + 3) dimensional matrix,
R(ba, ξK , ξΛ) =

1 0 0 0 0 0
−ba δab 0 0 0 0
1
2
Kabcbbbc −Kabcbc δab 0 0 0
− 1
3!
Kabcbabbbc 12Kabcbbbc −ba 1 0 0
−ξK? 0 0 0 δKL 0
−ξ?Λ 0 0 0 0 δΣΛ

, (2.24)
contains all terms depending on the closed string axions. This rotation matrix is generated
through exponentiation
Rt(ba, ξK , ξΛ) = e
baPa+ξKPK+ξΛP
Λ
, (2.25)
by a set of nilpotent matrices Pa, PK and P
Λ:
Pa =

0 −~δta 0 0 0 0
0 0 −Kabc 0 0 0
0 0 0 −~δa 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

,
PK =

0 0 0 0 −~δtK 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

,
PΛ =

0 0 0 0 0 −(~δL)t
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

.
(2.26)
By virtue of these nilpotent generators, the effect of axion shift symmetries on the axion
rotation matrix can be deduced in a fairly straightforward way:
(R−1)t(ba + ra, ξK +$K , ξΛ +$Λ) = (R−1)t(ba, ξK , ξΛ)e−r
aPa−$KPK−$ΛPΛ , (2.27)
with ra, $K , $Λ ∈ Z. The invariance of the superpotential (2.23) under the axion shift
symmetries is guaranteed provided that the charge vector transforms accordingly,6
~q → eraPa+$KPK+$ΛPΛ~q. (2.28)
6Notice that in general (2.28) will not map a vector of integer entries ~q to a vector of integer entries, as
it should for a vector of quantised fluxes. This will be fixed when α′-corrections are taken into account.
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The transformation of the flux quanta under the axion shift symmetries is a property in-
herent to the multi-branched structure of the vacua for the closed string axions, which is
microscopically related to the cancellation of Freed-Witten anomalies for four-dimensional
strings in the presence of background fluxes. The latter statement can be discussed in a
more explicit way, say for example for the Ka¨hler axion ba associated to the two-form ωa,
which is Hodge dualised in four dimensions to a two-form. This two-form couples to its
respective four-dimensional string arising from an NS5-brane that wraps the Poincare´-
dual four-cycle PD(ωa). In case the pull-back G(2p)
∣∣
PD(ωa)
of a background RR-flux is
non-trivial in cohomology, the ba-axionic string develops a Freed-Witten anomaly along
the internal directions that needs to be mediated by emitting a D(6−2p)-brane wrapping
the (4 − 2p)-cycle in the Poincare´-dual class of G(2p)
∣∣
PD(ωa)
. With respect to the non-
compact directions, this emitted D-brane forms a four-dimensional domain wall bounded
by ba-axionic strings. Such a domain wall separates vacua that differ in their RR-flux con-
tent [42] and is unstable against the nucleation of holes bounded by axionic strings. This
instability is tied to an axion monodromy generated by Pa by which an axion b
a crosses
the domain wall and ends up in a vacuum with different RR-fluxes. The transformation
of the RR-fluxes under the axion monodromy thus ensures that the entire set-up remains
gauge-invariant at all times. Note that these axion shift symmetries form a particular
subset of the full gauge transformations under which the field strengths in equation (2.9)
remain invariant. Similar considerations hold for the complex structure axions ξK and
ξΛ, whose respective axionic strings develop Freed-Witten anomalies in the presence of
NS-fluxes H3. These Freed-Witten anomalies can be mediated by emitting D2-branes
as presented by table 1, which summarises all potential Freed-Witten anomalies in the
presence of background fluxes and how their mediated by emitting appropriate D-branes.
The invariance of the superpotential (2.23) under the axion shift symmetry suggests
the existence of a set of gauge-invariant axion polynomials `s~ρ ≡ (R−1)t ·~q, whose explicit
13
String Flux Domain Wall
Axion Brane Set-up type Brane Set-up Rank
B2 = b
aωa NS5 on [pia] ∈ H+4 (M6,Z) G0 = m D6 on [pia] m
B2 = b
aωa NS5 on [pia] ∈ H+4 (M6,Z) G2 = maωa D4 on [PD(G2 ∧ ωa)]
∫
p˜ia
ωc = Kabcmb
B2 = b
aωa NS5 on [pia] ∈ H+4 (M6,Z) G4 = eaω˜a D2 at point in M6
∫
pia
G4 = ea
C3 = ξ
KαK D4 on [B
K ] ∈ H−3 (M6,Z) H3 = hKβK D2 at point in M6
∫
BK
H3 = −hK
C3 = −ξΛβΛ D4 on [AΛ] ∈ H−3 (M6,Z) H3 = hΛαΛ D2 at point in M6
∫
AΛ
H3 = +h
Λ
Table 1: Summary of 4d axionic strings with their respective attached domain walls
arising from Dp- and NS5-branes wrapping internal cycles on a Calabi-Yau manifold with
internal flux.
component forms are given by,
`sρ0 = e0 + eab
a + 1
2
Kabcmabbbc + m6 Kabcbabbbc + hKξK? + hΛξ?Λ,
`sρa = ea +Kabcmbbc + m2 Kabcbbbc,
`sρ˜
a = ma +mba,
`sρ˜ = m,
`sρˆK = hK ,
`sρˆ
Λ = hΛ.
(2.29)
As such, the above superpotential can be written as the scalar product of the saxion
vector ~Π with the axion polynomial vector ~ρ, or in component-form:
W = ρ0 + it
aρa − 1
2
Kaρ˜a − i
3!
Kρ˜+ inK ρˆK + iuΛρˆΛ. (2.30)
In the large-volume, classical regime in which we are working,7 this factorisation in terms
of saxions, axions and flux quanta does not only hold for the N = 1 superpotential, but
can be extended to the F-term scalar potential resulting from the background fluxes,
VF =
1
8κ24`
2
s
~q t ·R−1(b, ξ) · Z−1(t, n, u) ·R−1t(b, ξ) · ~q, (2.31)
7Which implies neglecting loop, world-sheet and D-brane instanton corrections, as well as modifications
of the Ka¨hler potential due to the presence of background fluxes.
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where the inverse metric Z−1(t, n, u) corresponds to a real, symmetric matrix depending
purely on the geometric moduli (ta, nK , uΛ):
Z−1 = 8eK

4
Kab
4
9
K2Kab
1
9
K2 2
3
KnI 2
3
KuΛ
2
3
KnJ KIJ KIΣ
2
3
KuΣ KΛJ KΛΣ

. (2.32)
Apart from being aesthetically appealing, the formulation in terms of the axion polyno-
mials ~ρ = (ρ0, ρa, ρ˜
a, ρ˜, ρˆK , ρˆ
Λ) can be used to methodically search for flux vacua in which
the axions and (part of the) geometric moduli are stabilised [39], in which case the vacuum
conditions are written as constraints relating the various axion polynomials to each other.
More explicitly, if one is interested in (partly) supersymmetric vacua, one needs to write
down the four-dimensional F-terms for the associated N = 1 chiral multiplets in terms of
the axion polynomials and find appropriate relations between the latter for the F-terms
to vanish. This method turns out to be useful to identify non-supersymmetric Minkowski
vacua and supersymmetric Anti-de Sitter vacua, even in the presence of α′-corrections as
will be discussed in section 4. Alternatively, one can directly determine the local extrema
of the full scalar potential along each axion and geometric moduli. This method is drasti-
cally simplified in the axion polynomial language as well, since the first order derivatives
of the scalar potential can equally be expressed in terms of the axion polynomials and
derivatives of the inverse metric Z−1 with respect to geometric moduli.
3 Introducing α′-corrections in Type IIA
The previous section provided a short review of the important lessons Type IIA string
compactifications on Calabi-Yau (orientifold) with background fluxes have to offer in
the large volume limit. If one goes away from regions in the moduli space where the
six-dimensional internal volume is huge, quantum corrections such as higher-derivative
curvature corrections and worldsheet instanton corrections have to be taken into account.
In this section we will investigate how the perturbative α′-corrections modify the classical
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theory by considering how they affect the Ka¨hler potential and superpotential in the four-
dimensional N = 1 supergravity description. This will in turn also allow us to expose how
perturbative α′-corrections fit into the axion polynomial formalism and alter the scalar
potential.
3.1 Axion Polynomials and α′-Corrections
The N = 1 supergravity description of Type IIA orientifold compactifications with Ka¨hler
potential (2.2) is only reliable for sufficiently large internal volumes. Away from this
limit, the Ka¨hler potential is modified by the so-called α′-corrections, which break the
no-scale structure of KT for generic Calabi-Yau manifolds. In the regime of moderately
large volumes in which the world-sheet instanton corrections can be neglected, the most
relevant α′-corrections are those that descend from (α′)3R4 curvature corrections in the
ten-dimensional supergravity action. Following [35], such corrections can be incorporated
via a modification of the pre-potential (2.6) of the parent N = 2 compactification. In
terms of the homogeneous coordinates TA = (T 0, T a) in Ka¨hler moduli space the most
generic (perturbative) pre-potential is given by:
Fper(T ) = −1
6
KabcT aT bT c
T 0
+
1
2
K
(1)
ab T
aT b +K(2)a T
aT 0 − i
2
K(3)(T 0)2. (3.1)
The first term is the usual tree-level Calabi-Yau volume from (2.2) and the remaining three
terms encode different orders of curvature corrections in α′. The term proportional to K(3)
corresponds to the (α′)3-correction and is the only effective contribution to the Ka¨hler
potential. In the N = 2 parent compactification, the parameter K(3) = − ζ(3)
(2pi)3
χM6 ∈ R
is proportional to the Euler characteristic χM6 of the compactification manifoldM6. The
corrections K
(1)
ab and K
(2)
a correspond respectively to one-loop and two-loop corrections in
α′, yet do not have a ten-dimensional counterpart due to the lack of a ten-dimensional
curvature polynomial with the appropriate features. Their presence can nevertheless be
argued from mirror symmetry, which in fact allows to express them in terms of topological
quantities of M6 like its triple intersection numbers and second Chern class, see e.g.
[43,44]. Their presence is however physically irrelevant at the level of the Ka¨hler metrics,
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as confirmed by their absence in the Ka¨hler potential that results from (3.1):
KT = − log
(
4
3
Kabctatbtc + 2K(3)
)
= − log
(
2
3
K(2 + 3ε)
)
, (3.2)
where the symbol ε ≡ K(3)K was introduced to capture the (α′)3 curvature corrections to
the Ka¨hler volume K = Kabctatbtc = 6V . As anticipated earlier, in the presence of these
perturbative α′-corrections the classical no-scale condition for the Ka¨hler potential (2.3)
no longer holds and needs to be modified as well:
(KT )a(KT )
ab(KT )b =
3
1− 3ε. (3.3)
For generic Calabi-Yau compactifications with background fluxes, the (perturbative) α′-
corrections to the Ka¨hler moduli pre-potential (3.1) also induce corrections to the su-
perpotential for Ka¨hler moduli [35]. By rewriting the superpotential in terms of the
homogeneous coordinates TA = (T 0, T a), the α′-corrected superpotential can be obtained
from the pre-potential (3.1):
`s (WT +WQ) =
(
T 0, T a,−∂TaFper, ∂T 0Fper, NK , UΛ
)
T 0=1
· ~q , (3.4)
with ~q the vector of flux quanta as introduced above. The superpotential WQ for the
complex structure moduli remains unchanged by the curvature corrections, while the
part WT with the Ka¨hler moduli takes a similar form as (2.21),
`sW = e0 + eaT
a +
1
2
KabcmaT bT c + m
3!
KabcT aT bT c − imK(3) + hKNK + hΛUΛ (3.5)
upon taking into account the curvature correction K(3) and after introducing the curvature
corrected flux quanta e0 ≡ e0−maK(2)a and ea ≡ ea−K(1)ab mb+mK(2)a . This clearly shows
that the corrections K
(1)
ab and K
(2)
a become relevant in the presence of a superpotential for
the Ka¨hler moduli and cannot be ignored.
Let us now see how the inclusion of the curvature corrections is compatible with the
axionic shift symmetries of the superpotential. First, notice that its inclusion does not
destroy the factorability of the superpotential in terms of geometric moduli and axions.
Indeed, we can write the α′-corrected flux superpotential as
`s (WT +WQ) =
~Π
t
·Q · (R−1)t · ~q, (3.6)
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provided that we modify the previous quantities. The saxion vector is now given by
~Π
t
(ta, nK , uΛ) = (1, it
a,−1
2
Kabctbtc, − i3!Kabctatbtc − iK(3), inK , iuΛ), we have introduced a
square matrix Q defined below, and the axion rotation matrix is given by
R(ba, ξK , ξΛ) =

1 0 0 0 0 0
−ba δab 0 0 0 0
1
2
Kabcbbbc +K(1)ba bb −Kabcbc δab 0 0 0
− 1
3!
Kabcbabbbc − 2K(2)a ba 12Kabcbbbc −K(1)ab bb −ba 1 0 0
−ξK 0 0 0 δKL 0
−ξΛ 0 0 0 0 δΣΛ

.
(3.7)
Second, the axion rotation matrix is still generated through exponentiation as in (2.25),
but now by a modified set of nilpotent, commuting matrices (P a, PK , P
Λ). The shift-
generator P a for the Ka¨hler axions is related to the previous version in (2.26) by conju-
gation with the charge matrix Q,
P a = Q
−1PaQ, Q =

1 0 −K(2)a 0 0 0
0 δab −K(1)ab K(2)a 0 0
0 0 δba 0 0 0
0 0 0 1 0 0
0 0 0 0 δKL 0
0 0 0 0 0 δΣΛ

. (3.8)
Given these simple extensions, the superpotential remains invariant under the shift sym-
metries of the closed string axions, provided that the flux quanta transform simultaneously
as follows:
~q → eraPa+$KPK+$ΛPΛ~q . (3.9)
The transformed flux vector has integer entries provided that K
(1)
ab +
1
2
Kabb ∈ Z and
2K
(2)
a + 16Kaaa ∈ Z, ∀a, b, which we will assume in the following. Finally, one may express
the superpotential in terms of the previous rotation matrix as
`s (WT +WQ) =
~Π
t
· (R−1)t ·~q, ~q ≡ Q · ~q (3.10)
Hence, also in the presence of α′-corrections one is encouraged to introduce gauge-invariant
axion polynomials `s~ρ ≡ (R−1)t · ~q, which can be given explicitly in terms of the flux
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quanta,
ρ0 = e0 + eab
a + 1
2
Kabcmabbbc + m6 Kabcbabbbc + hKξK? + hΛξ?Λ,
ρa = ea +Kabcmbbc + m2 Kabcbbbc,
ρ˜a = ma +mba,
ρ˜ = m,
ρˆK = hK ,
ρˆΛ = hΛ.
(3.11)
where e0 and ea are the curvature-corrected flux quanta as introduced before.
This flux redefinition can be interpreted microscopically by noticing that the curvature
corrections K
(1)
ab and K
(2)
a induce lower-dimensional D-brane charge on D-branes wrapping
internal cycles, see e.g. [45]. They will, in particular, induce lower-dimensional charge on
D-brane domain walls with non-trivial internal worldvolumes. For instance, the K
(2)
a
curvature corrections induce D4-brane charges on D8-brane domain walls wrapping the
full compactification space, and also create bound states of D6-D2 brane domain walls.
The K
(1)
ab curvature corrections on the other hand turn D6-brane domain walls into bound
states of D6-D4 brane domain walls. The induced lower-dimensional D-brane charges due
to the curvature corrections also imply that the Freed-Witten anomalies associated to
the b-type axionic strings have to be cured by bound states of domain walls. To end up
in a different vacuum separated by the bound states of domain walls, the b-axions have
to undergo a monodromy transformation generated by the modified matrix P a defined
in (3.8). Alternatively, one may redefine the basis of domain walls (or, equivalently the
flux basis) by the matrix Q such that the monodromy matrix is generated by Pa. The
Freed-Witten anomaly cancelation for the ξ-type axionic strings on the other hand remains
unaffected by the curvature corrections. These considerations offer a microscopic rationale
behind the superpotential (3.10), which allows for a factorisation in which curvature
corrections of order O(α′) and O(α′2) are incorporated into the set of shift-invariant axion
polynomials (3.11). The O(α′3) curvature contributions represented by K(3) correct the
overall volume of the internal space and therefore have to be included in the modified
saxion vector ~Π
t
.
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3.2 The Scalar Potential and α′-Corrections
Since the factorability of the superpotential into saxions and shift-invariant axion polyno-
mials persists in the presence of perturbative α′-corrections, one is naturally driven to the
question how the modified form of the scalar potential looks like. The most straightfor-
ward path to obtain the four-dimensional scalar potential in the presence of background
fluxes and perturbative α′-corrections consists in computing it directly from the F-term
scalar potential:
VF =
eKT+KQ
κ24
[
(∂αW +KαW )K
αβ
(
∂βW +KβW
)− 3|W |2] , (3.12)
by inserting the Ka¨hler potential (3.2) and superpotential (3.10) as obtained in the pre-
vious section. In this expression, summation over all closed string moduli is indicated
through the Greek letters (α, β).
In practice, the explicit computation of the F-term scalar potential (3.12) is drasti-
cally simplified by deconstructing the expression into three components and applying the
elegant formulation of the axion polynomials to the fullest for each component. The first
term consists purely of the derivatives of the superpotential with respect to the closed
string moduli and requires us to use the modified expressions for the Ka¨hler metric as
discussed in appendix A.1:
∂αWK
αβ∂βW = K
abρaρb +
4
9
K2(1 + 3
2
ε)2Kabρ˜
aρ˜b + 1+6ε
1−3ε(Kaρ˜a)2 + 13K2ρ˜2
(1+ 3
2
ε)2
1−3ε
−4
3
ρ˜K ρata (1+
3
2
ε)2
1−3ε +K
NLρˆK ρˆL +K
NΛρˆK ρˆΛ +K
ΣLρˆΣρˆL +K
ΣΛρˆΣρˆΛ.
(3.13)
The second component considers the terms without derivatives of the superpotential:
KαK
αβKβ|W |2 − 3|W |2 =
(
3
1−3ε + 4
) |W |2 − 3|W |2
= 4−3ε
1−3ε
[
(ReW )2 + (ImW )2
] (3.14)
where the real and imaginary part of the superpotential can be read off as a function
of the axion polynomials directly from the modified superpotential (3.5). The third and
last component consists of the remaining terms containing derivatives of the superpoten-
tial, which can be simplified by virtue of relation (A.11) and the holomorphicity of the
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superpotential:
KαWK
αβ∂βW + ∂αWK
αβKβW = −41+
3
2
ε
1−3ε (ReWt
a∂taReW + ImWt
a∂taImW )
−4ImW (nK ρˆK + uΛρˆΛ) .
(3.15)
In order to arrive at the simplest expression for the F-term scalar potential further sim-
plifications and manipulations have to be made, which will be discussed at length in
appendix A.2. For now, we state the end result of the computation, expressed in terms
of the (modified) axion polynomials (ρ0, ρa, ρ˜
a, ρ˜, ρˆK , ρˆ
Λ):
VF =
e
KT+KQ
κ24
{
4ρ20 +K
abρaρb +
4
9
K2 (1 + 3
2
ε
)2
Kcdρ˜
cρ˜d + 1
9
ρ˜2K2 (1 + 3
2
ε
)2
+4
3
ρ˜K (1 + 3
2
ε
)
(ρˆKn
K + ρˆΛuΛ) +K
KLρˆK ρˆL
+KKΣρˆK ρˆΣ +K
ΛLρˆΛρˆL +K
ΛΣρˆΛρˆΣ
+ ε
1−3ε
[
9
(
ρ0 +
1
2
Kbρ˜b
)2
+ 9(nK ρˆK + ρˆ
ΛuΛ)
2
−9 (taρa + 16 ρ˜K(1− 3ε))2 ]} ,
(3.16)
where now
eKT+KQ =
e4D
4
3
K(1 + 3
2
ε)
≡ e
4φ
8V3(1 + 3
2
ε)3
. (3.17)
One notices immediately that the bilinear structure of the F-term scalar potential
prevails in the presence of curvature corrections, such that the scalar potential can still
be written as,
VF =
1
8κ24
~ρ t · Z−1 · ~ρ, (3.18)
where the inverse metric Z−1 is now modified by the K(3) curvature corrections expressed
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in terms of the parameter ε,
Z−1 = 8eKT+KQ


4 0 0 0 0 0
0 Kab 0 0 0 0
0 0 4
9
K2Kab(1 + 32ε)2 0 0 0
0 0 0 K
2
9
(1 + 3
2
ε)2 2
3
KnL(1 + 3
2
ε) 2
3
KuΣ(1 + 32ε)
0 0 0 2
3
KnK(1 + 3
2
ε) KKL KKΣ
0 0 0 2
3
KuΛ(1 + 32ε) KΛL KΛΣ

(3.19)
+
ε
1− 3ε

9 0 9
2
Ka 0 0 0
0 −9tatb 0 −3
2
Kta(1− 3ε) 0 0
9
2
Kb 0 94KaKb 0 0 0
0 −3
2
Ktb(1− 3ε) 0 −K2
4
(1− 3ε)2 0 0
0 0 0 0 9nKnL 9nKuΣ
0 0 0 0 9nKuΛ 9uΛuΣ


.
Due to the curvature corrections, i.e. ε 6= 0, off-diagonal terms enter in the symmetric
matrix. As we will see in the next section, this complicates the search for extrema of the
scalar potential at a technical level, but conceptually one may apply the same principles
as in [39] to explore the set of vacua in the presence of α′-corrections.
4 α′-corrected flux vacua
The previous section shows how the axion polynomial language allows to incorporate per-
turbative α′-corrections in type IIA Calabi-Yau orientifold compactifications with back-
ground fluxes. This insight allowed us to extract the bilinear structure of the scalar
potential in terms of the (modified) axion polynomials, but the intricacies of the curva-
ture corrections make the search for vacua of the full perturbative scalar potential quite
demanding. This section is therefore devoted to exploiting well-known methods for vacua
searches in this context. More precisely, we will extend the results of [39], that analyses
non-supersymmetry Minkowski vacua and supersymmetric Anti-de Sitter vacua in terms
of the axion polynomials, to include the effect of curvature corrections. For simplicity,
here we will not consider models with mobile D6-branes.
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4.1 Non-supersymmetric Minkowski Flux Vacua
Following [35], one may construct the mirror dual of the no-scale ISD flux vacua of [8] by
taking a particular choice of symplectic basis of three-forms with respect to the orientifold
projection. For this choice, the complex structure moduli {NK}K 6=0 are projected out and
the four-dimensional dilaton N0 = S = ξ0+is factorises from the other complex structures
moduli UΛ in the Ka¨hler potential:
KISDQ = − log
(−i(S − S))− 2 log G˜Q(uΛ). (4.1)
The function G˜Q(uΛ) is a homogeneous function of degree 3/2 of the geometric moduli uΛ.
The flux background consists of non-trivial RR-fluxes and a non-vanishing NS-flux h0 sup-
ported by the ΩR-odd three-form β0. All other NS-fluxes are set to zero, such that the
flux background can be T-dualised to an imaginary self-dual (ISD) three-form H3 − SF3
in type IIB flux vacua. Due to the absence of the NS-fluxes hΛ = 0, the F-terms for the
complex structure moduli UΛ reduce to FUΛ = KΛW , and because for these configura-
tions the on-shell superpotential 〈W 〉 6= 0 the corresponding vacuum configuration breaks
supersymmetry spontaneously. Finally, by applying the unbroken no-scale symmetry in
the complex structure moduli sector, i.e. KΛK
ΛΣKΣ = 3, the scalar potential for ISD flux
vacua reduces to a positive semi-definite function in terms of the remaining F-terms [39]:
V ISDF =
eK
κ24
[
KT
aT
b
FTaFT b +K
SSFSFS
]
= e
K
κ24
[
4ρ20 +K
abρaρb +
4
9
K2Kabρ˜aρ˜b + K
2
9
(
ρ˜+ 6sK ρˆ0
)2]
.
(4.2)
In the last step we used the bilinear form of the α′-uncorrected scalar potential (2.31) to
obtain a positive semi-definite expression as a function of the axion polynomials. Based
on these expressions for the ISD scalar potential, one immediately sees that the vacuum
configuration corresponds to vanishing (uncorrected) F-terms for the dilaton and Ka¨hler
moduli, or equivalently to the following constraints on the axion polynomials:
ρ0 = 0 = ρ˜
a, ρa = 0, ρ˜+
6s
K ρˆ0 = 0. (4.3)
In this vacuum configuration, the first two constraints stabilise the axion ξ0 and the
Ka¨hler axions, the third constraint expresses a condition on the flux quanta and the last
condition allows for the stabilisation of the four-dimensional dilaton in terms of the overall
volume Ka¨hler modulus.
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In the next phase, we investigate how the ISD flux vacua are modified in the regions
of moduli space where the perturbative α′-corrections cannot be neglected. As argued in
the previous section, the Ka¨hler potential for the Ka¨hler moduli is modified by the (α′)3-
correction to expression (3.2), while the ISD superpotential also requires modifications due
to lower order α′-corrections. In particular we have that for this case the expression (3.10)
reduces to
WISD = ρ0 + iρat
a − 1
2
Kaρ˜a − i
3!
Kρ˜− iK(3)ρ˜+ isρˆ0. (4.4)
Since the α′-corrections do not violate the no-scale symmetry in the UΛ-complex structure
moduli sector, the first equality of (4.2) still holds, and the same reasoning as above
applies to arrive at the vacuum configuration for the ISD flux background. That is, we
may derive the Minkowski vacuum conditions by imposing the vanishing of the F-terms
for the dilaton and Ka¨hler moduli. The dilaton modulus comes with the following F-term
in the presence of perturbative α′-corrections
FS =
1
2s
(
iρ0 − taρa −
i
2
Kaρ˜a + 1
6
Kρ˜+K(3)ρ˜+ sρˆ0
)
, (4.5)
while the corrected F-term for the Ka¨hler moduli reads
FTa = ρa + iKabρ˜a −
1
2
Kaρ˜+ 2iKa4
3
K + 2K(3)WISD. (4.6)
We may now set both quantities to zero and solve the resulting algebraic equations ex-
plicitly. As in [39], we may simplify such computations by first considering the following
linear combination
taFTa
(
4
3
K + 2K(3)) = 2iKρ0 + taρa(−23K + 2K(3)) + iKaρ˜a (13K + 2K(3))
−Kρ˜ (1
3
K −K(3))− 2ρˆ0sK. (4.7)
The combined set of the algebraic equations that describe the vacuum constraints for ISD
flux vacua can be simply expressed in terms of the redefined axion polynomials (3.11).
At a first stage one can see that the vanishing of (4.5) and (4.7) is equivalent to
ρ0 = 0, −taρa + 16Kρ˜+K(3)ρ˜+ sρˆ0 = 0,
ρ˜a = 0, taρa(−23K + 2K(3)) +Kρ˜
(−1
3
K +K(3))− 2ρˆ0sK = 0. (4.8)
Notice that the conditions ρ0 = 0 and ρ˜
a = 0 are essentially similar to the uncorrected
case (4.3), while now we no longer have that ρa = 0. The set of equations ρ˜
a = 0 stabilises
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the Ka¨hler axions through the same flux quanta as in absence of α′-corrections, and the
axionic partner of the dilaton ξ0 is stabilised by virtue of the condition ρ0 = 0, such that
its vacuum expectation value can be expressed purely in terms of the curvature corrected
flux quanta e0 and ea:
h0ξ
0 = − 1
3m2
(Kabcmambmc − 3eamam)− e0. (4.9)
Notice as well that the condition ρ˜a = 0 and the vanishing eq (4.6) imply that ρA ∝ Ka,
and so solving (4.8) is equivalent to the vanishing of (4.5) and (4.6). The remaining two
set of equations are solved simultaneously by the relations
1
6
Kρ˜+ sρˆ0 = ρ˜K(3)
1
6
K +K(3)
4
3
K −K(3) , ρa = ea −Kabc
mbmc
2m
= ρ˜K(3)
3
2
Ka
4
3
K −K(3) , (4.10)
which clearly reduce to the previous conditions in the limit K(3) → 0. They also pro-
vide explicit vacuum relations for the dilaton in terms of the flux quanta and curvature
corrections:
h0s = −1
6
mK+mK(3)
1
6
K +K(3)
4
3
K −K(3) = −
1
6
m
(K + 6K(3))+ ta
2m
(
2mea −Kabcmbmc
)
, (4.11)
as well as for the Ka¨hler moduli:
Ka = (8K − 6K
(3))
9mK(3)
`sρa =
(4K − 3K(3))
9m2K(3)
(
2eam−Kabcmbmc
)
. (4.12)
in agreement with the results of section 4.2 in [35].8 Finally, one may insert the value
of the stabilised moduli into the expression (4.4) to obtain the on-shell value of the
superpotential for this set of vacua:
〈WISD〉 = − i
3
ρ˜
(
K + 3
2
K(3)
) K − 3K(3)
K − 3
4
K(3)
. (4.13)
As discussed in section 5 of [39] this quantity controls the effective gravitino mass for
this set of vacua and, to some extent, the whole spectrum of flux-induced soft-terms in
models of intersecting D6-branes. It would be interesting to extract the phenomenological
consequences of the α′-corrected spectrum of soft-terms in semi-realistic intersecting D6-
brane models, a task that we leave for the future.
8To compare with the results in [35], one needs to take into account the difference in conventions for the
definition of the fluxes, like a flip in the sign in the Romans’ parameter m
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From the first equality in (4.2), that only relies on the choice of Ka¨hler metrics (4.1)
and of NS-fluxes hΛ = 0, it is clear that the scalar potential is positive semi-definite, as one
would expect from the mirror construction in [8]. As discussed in [39], one should be able
to see this same feature directly from the bilinear formulation (3.18) of V . Because of the
more complicated expression for Z−1 when α′-corrections have been taken into account,
showing the positive semi-definiteness of V in this case is more involved. Nevertheless, as
we discuss in Appendix A.3 under the above assumptions one can rewrite (3.18) as
VF =
1
8κ24
~ρ
t
ISD · G−1 · ~ρISD, (4.14)
where ~ρISD is a shorter vector than ~ρ, containing as many entries as RR fluxes, but whose
entries are no longer only axion dependent but instead
~ρISD =

ρ0
ρa +
27ε
4(1−3ε)(1+ 3
2
ε)
Ka
K sρˆ0
ρ˜a
ρ˜+
6(1− 3
4
ε)
(1−3ε)(1+ 3
2
ε)
s
K ρˆ0
 (4.15)
and the symmetric matrix G−1 is given by
G−1 = 8eKT+KQ


4 0 0 0
0 Kab 0 0
0 0 4
9
K2 (1 + 3
2
ε
)2
Kab 0
0 0 0 K
2
9
(
1 + 3
2
ε
)2
 +
+ ε
1−3ε

9 0 9
2
Ka 0
0 −9tatb 0 −3
2
Kta(1− 3ε)
9
2
Kb 0 94KaKb 0
0 −3
2
Ktb(1− 3ε) 0 −K2
4
(1− 3ε)2

 .
(4.16)
One can easily check that this matrix is positive definite and, in fact, corresponds to the
Ka¨hler moduli metric derived from the Ka¨hler potential (3.2), as a quick comparison with
(3.19) shows. As such, the minima of the potential will only be attained when each of the
entries of the vector (4.15) vanish, or in other words upon imposing:
ρ0 = 0, ρ˜
a = 0, ρa = −
27ε
4(1− 3ε) (1 + 3
2
ε
)KaK sρˆ0, ρ˜ = − 6
(
1− 3
4
ε
)
(1− 3ε) (1 + 3
2
ε
) sK ρˆ0.
(4.17)
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It is easy to convince oneself that these conditions are equivalent to the relations satisfied
in non-supersymmetric Minkowski vacua. Indeed, inserting the last relation in the third
one we find that the latter is equivalent to
ρa =
9εKa
8
(
1− 3
4
ε
) ρ˜, (4.18)
which is nothing but the second equation in (4.10). Similarly, the last relation in (4.17)
can be rewritten as
K
6
ρ˜+ sρˆ0 = ρ˜ε
K
8
1 + 6ε
1− 3
4
ε
. (4.19)
which is equivalent to the first equation in (4.10).
These relations reproduce precisely the proposal of [35] to stabilise the Ka¨hler moduli
by virtue of α′-corrections. Whether or not this stabilisation mechanism for the Ka¨hler
moduli is consistent relies on the possibility of finding a solution to the polynomial equa-
tion (4.12) for large values of the Ka¨hler moduli. In order for the α′-correction on the
left-hand side to counter-balance the tree-level overall volume, the RR-flux quanta and
in particular Roman’s mass m have to be chosen appropriately without over-shooting the
RR tadpole cancellation conditions. Notice that at the end of this academic exercise, how-
ever, the complex structure moduli still remain unstabilised in these non-supersymmetric
Minkowski vacua.
4.2 Supersymmetric AdS vacua
Just as for non-supersymmetric Minkowski vacua, α′-corrections will also affect the con-
ditions that describe AdS supersymmetric vacua in type IIA compactifications. In this
case we expect that the effect of α′-corrections is a priori less dramatic, in the sense that
Ka¨hler moduli and complex structure moduli are already stabilised in their absence. Nev-
ertheless, taking into account such corrections may be crucial in setups where moduli are
stabilised at moderately large volumes. As we will see in the following, the axion poly-
nomial formalism allows to treat such vacua in a somewhat equal footing as the previous
case, and to easily extend the results obtained in [39], where α′-corrections were neglected.
To analyse α′-corrected N = 1 AdS vacua we consider a general Ka¨hler potential
K = − log
(
4
3
K + 2K(3)
)
− 2 log
[
1
4
Im (CZΛ)uΛ − 1
4
nKIm (CFK)
]
(4.20)
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and a superpotential given by:
W = ρ0 + iρat
a − 1
2
Kaρ˜a − i
6
Kρ˜− iK(3)ρ˜+ inK ρˆK + iuΛρˆΛ. (4.21)
Following the strategy of [39], we write the different F-terms in terms of axion polynomials
and set them to zero:
FNK = ρˆK − i Im (CFK)2GQ (WT +WQ) = 0,
FUΛ = ρˆ
Λ + i Im (CZ
Λ)
2GQ (WT +WQ) = 0,
FTa = ρa + iKabρ˜b − 12Kaρ˜+ 2iKa4
3
K+2K(3) (WT +WQ) = 0.
(4.22)
Analogously to our previous discussion, simpler equations are obtained when we consider
certain linear combinations of complex structure F-terms
h∑
K=0
nK? FNK? +
h∑
Λ=0
u?ΛFU?Λ =
h∑
K=0
ρˆKn
K
? +
h∑
Λ=0
ρˆΛu?Λ + 2i (WT +WQ) = 0, (4.23)
from where we find the following relations:
ρ0 −
1
2
Kaρ˜a = 0, nK? ρˆK + u?ΛρˆΛ =
1
3
Kρ˜− 2taρa + 2K(3)ρ˜. (4.24)
The same can be done with the Ka¨hler moduli F-terms, obtaining:(
4
3
K +K(3)
)
taFTa = t
aρa
(
10
3
K + 2K(3)
)
+ iKaρ˜a
(
4
3
K + 2K(3)
)
−Kρ˜ (K + 3K(3)) ,
(4.25)
were we have used (4.24) to simplify the rhs. It is easy to see that this last one can vanish
if ρ˜a = 0, which in turn implies that ρa ∝ Ka and the vanishing of (4.25) is the only
non-trivial F-term condition in the Ka¨hler sector. Combining such a condition with the
first equation in (4.24) one obtains the following vacuum relations
ρ0 = 0, ρ˜
a = 0, ρa =
3
10
ρ˜Ka
[K + 3K(3)
K + 3
5
K(3)
]
, (4.26)
which generalise the conditions obtained in [39]. Comparing to eq. (3.36) therein, only the
third condition is essentially different from the uncorrected case. On the one hand, since
the first two conditions are the ones that implement the stabilisation of Ka¨hler axions and
one linear combination of complex structure moduli, their vacuum expectation values in
terms of the fluxes will have a similar form as in [39]
hKξ
K
? + h
Λξ?Λ = −
e0m
2 −meama + 13Kabcmambmc
m2
, ba = −m
a
m
. (4.27)
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On the other hand, the geometric part of the Ka¨hler moduli, which are stabilised in terms
of the background fluxes by the third condition in (4.26), will be affected nontrivially by
the (α′)3-correction term K(3).
To proceed, we may insert these conditions and the second equation in (4.24) to obtain
the vacuum expectation value for the superpotential in these AdS vacua, finding that
〈WAdS〉 = − 2i
15
ρ˜
(K − 3K(3)) (K + 3
2
K(3)
)
K + 3
5
K(3)
. (4.28)
Combined with the vanishing conditions for the F-terms in the complex structure sector,
this allows to write down the stabilisation conditions for the complex structure moduli in
terms of their “dual” periods:
GQ ρˆK
Im (CFK) = −GQ
ρˆΛ
Im (CZΛ) =
1
15
ρ˜
(K − 3K(3)) (K + 3
2
K(3)
)
K + 3
5
K(3)
. (4.29)
Again, these geometric moduli are directly affected by the cubic correction term K(3), in
sharp contrast with the axionic moduli.
5 Conclusions
In this paper we have analysed type IIA orientifold flux vacua taking into account the effect
of perturbative α′-corrections in the Ka¨hler sector. Such corrections are relevant in the
sense that they allow to combine the set of RR and NSNS fluxes used to stabilise Ka¨hler
and complex structure moduli in standard type IIA flux compactifications [29–33] with
an underlying Calabi-Yau geometry [35]. Such a geometry not only allows to construct a
large number of explicit examples, but also simplifies the computation of the 4d effective
Ka¨hler potential. As a result, one has a large ensemble of flux configurations that can be
analysed as a whole.
Such a set of examples was instrumental in [38] to rewrite the F-term scalar potential
as a bilinear in flux-axion polynomials V = ZABρAρB. Even if the Calabi-Yau condition
is not essential for this reformulation (it can also be obtained for, e.g., twisted tori) it
provides explicit expressions for ZAB in terms of the saxions and for ρA in terms of the
axions of the compactification. As we have shown, both the bilinear structure and the
separate dependence into axions and saxions is maintained in the presence of perturbative
29
α′-corrections. This constitutes a proof of concept that the bilinear form of the scalar
potential is valid for a large set of flux vacua. It also supports the idea that the factorised
dependence into axions and saxions should occur as long as it is a good approximation
to assume that fluxes do not affect the 4d Ka¨hler metrics of the light fields, or in other
words that ZAB is independent of the ρA.
We have seen that certain α′ corrections modify the definition of the flux-axion polyno-
mials ρA, in the sense that they redefine the basis of quantised fluxes. Others, namely the
cubic correction K(3) that enters the Ka¨hler potential as in (3.2), only affect the expres-
sion for ZAB. Armed with the explicit expressions for both quantities, we have written
down the full scalar potential and analysed several of its vacua. We have first considered
the class of Minkowski vacua studied in [35], and shown that in this case the potential can
be written as a bilinear positive definite form (4.14), as expected from mirror symmetry.
The vanishing of each of the entries of the vector (4.15) gives the vacuum conditions for
this class of compactifications, and reproduces the results in [35]. Second, we have consid-
ered how α′-corrections modify the vacuum conditions of supersymmetric AdS flux vacua,
following the same strategy as in [39] and rewriting the vanishing F-term conditions in
terms of axion polynomials and solving for them. As in the case of Minkowski vacua, we
have found that the cubic correction K(3) only affects the stabilisation of geometric of
saxionic moduli, while the other two corrections also affect (implicitly) the stabilisation
of axions.
It would be interesting to extend our results to include more general classes of type
IIA flux vacua. For instance one could add open string sectors, like e.g. mobile D6-branes,
and see how α′-corrections modify the scalar potential in [38] and the corresponding vacua
analysed in [39]. It would also be interesting to see how the effect of α′-corrections modi-
fies the spectrum of soft masses in non-supersymmetric flux vacua, extending the analysis
of [39]. In addition, it would also be interesting to compute the effect of perturbative
α′-corrections for non-Calabi-Yau geometries. In general, we expect that a better under-
standing of α′-corrections in all these cases will allow to root the landscape of type IIA
flux vacua on firmer ground.
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A Full Computation of the α′-Corrected Potentials
A.1 α′-Corrected Ka¨hler Potentials
The compactification of Type IIA string theory on six-dimensional Calabi-Yau orientifolds
results in a four-dimensional effective field theory corresponding to N = 1 supergravity
coupled to chiral and vector superfields. The chiral supermultiplets comprise of the Ka¨hler
and complex structure moduli, which parameterise the moduli space associated to the
Calabi-Yau metric. In the absence of D-branes, the closed string moduli space factorises
properly into a Ka¨hler moduli space and a complex structure moduli space, which are
both equipped with a moduli-dependent Ka¨hler metric arising from the Ka¨hler potential:
K = KT +KQ = − log(GTG2Q), (A.1)
where the functions GT and GQ have been introduced in section 2.1. The factorability of
the moduli space naturally exhibits itself in the Ka¨hler potential as well, yet the product
G = GTG2Q can be considered as a whole in which case it is a homogeneous function of
degree seven in the geometric moduli ψα ∈ {ta, nK , uΛ}:
ψα∂αG =
(
ta∂ta + n
K∂nK + uΛ∂uΛ
)G = 7G. (A.2)
From this homogeneous function G, the Ka¨hler metric on the moduli spaces can be com-
puted straightforwardly,
Kα = − 1
2i
∂αG
G , (A.3)
Kαβ = −
1
4
(
∂α∂βG
G −
∂αG∂βG
G2
)
. (A.4)
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By employing the homogeneous property (A.2) of the function G it is easy to verify that
the inverse metric is given by,
Kαβ =
2
3
ψαψβ − 4GGαβ, (A.5)
where Gαβ is the inverse of ∂α∂βG. Property (A.2) also implies some additional relations,
KαβKβ = −2iψα, (A.6)
and
KαK
αβKβ = 7, (A.7)
that are typical for no-scale symmetries in the closed string moduli sector of Calabi-Yau
(orientifold) compactifications. As pointed out in section 3, these no-scale symmetries rely
on the hidden assumption that we consider large volume regions in the Ka¨hler moduli
space. Away from this large volume limit, perturbative curvature corrections in α′ have
to be taken into account, which alter the Ka¨hler potential for the Ka¨hler moduli space
but maintain the factorability of the closed string moduli space. As such, the modified
Ka¨hler potential derived in (3.2) allows to compute the Ka¨hler metric in the same manner
as equation (A.4) using the modified function GT :
Ka =
3i
2
Ka
K (1 + 3
2
ε
) (A.8)
Kab = −
3
2
1
K2 (1 + 3
2
ε
)2 (K(1 + 32ε)Kab − 32KaKb
)
, (A.9)
while the inverse metric in the presence of perturbative α′-corrections is given by:
Kab = −2
3
K
(
1 +
3
2
ε
)(
Kab − 3 t
atb
K(1− 3ε)
)
. (A.10)
Subsequently, relation (A.6) is modified as well in the Ka¨hler moduli sector due to the
curvature corrections:
KabKb = −2ita
1 + 3
2
ε
1− 3ε , (A.11)
which immediately implies the violation of the no-scale symmetry:
KabKaKb =
3
1− 3ε. (A.12)
This set of relations for the Ka¨hler moduli sector turned out to be crucial for the compu-
tation of the F-term scalar potential obtained in section 3.2.
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A.2 α′-Corrected Scalar Potential
Next, we discuss the computation of the F-term scalar potential in full detail and highlight
some manipulations that help us to arrive at the more elegant bilinear form of the scalar
potential in equation (3.18). The philosophy used in section 3.2 consists in decomposing
the F-term scalar potential in three separate terms and write each term as a function of
the (α′-corrected) axion polynomials in the simplest form possible. Given that the Ka¨hler
potentials still factorise between the Ka¨hler moduli and complex structure moduli sector,
the term containing the derivatives of the superpotential can be written as,
∂αWK
αβ∂βW = ∂TaWK
TaT
b
∂
T
bW + ∂NKWK
KL∂NLW + ∂NKWK
KΛ∂UΛW
+∂UΣWK
ΣL∂NLW + ∂UΣWK
ΣΛ∂UΛW
= Kab(ρa − 12 ρ˜Ka)(ρb − 12 ρ˜Kb) +KabKacρ˜cKbdρ˜d
+KNLρˆK ρˆL +K
NΛρˆK ρˆΛ +K
ΣLρˆΣρˆL +K
ΣΛρˆΣρˆΛ.
(A.13)
Inserting the expression for the inverse Ka¨hler metric (A.10) on the Ka¨hler moduli space
allows to simplify this relation to the expression in (3.13). Moreover, this expression can
be further rewritten as,
∂αWK
αβ∂βW = K
abρaρb +
4
9
K2(1 + 3
2
ε)2Kabρ˜
aρ˜b + 1+6ε
1−3ε(Kaρ˜a)2 + 13K2ρ˜2
(1+ 3
2
ε)2
1−3ε
−4
3
ρ˜K (ImW + 1
6
ρ˜K + ρ˜Kε− ρˆKnK − ρˆΛuΛ
) (1+ 3
2
ε)2
1−3ε
+KNLρˆK ρˆL +K
NΛρˆK ρˆΛ +K
ΣLρˆΣρˆL +K
ΣΛρˆΣρˆΛ,
(A.14)
by eliminating ρat
a through the expression for ImW ,
ImW = ρat
a − 1
6
ρ˜K − ρ˜Kε+ ρˆKnK + ρˆΛuΛ. (A.15)
The second component (3.14) is a consequence of imposing the no-scale symmetry in
the complex structure moduli sector and the modified relation (A.12) in the presence of
perturbative α′-corrections. The third component (3.15) of the F-term scalar potential
results from the factorisation of the Ka¨hler potentials (A.1) for Ka¨hler moduli and complex
structure moduli, after which one uses the relation (A.6) for the complex structure moduli
sector and the modified relation (A.11) for the Ka¨hler moduli sector. Then, we combine
the second component (3.14) and third component (3.15), upon multiplication by (1−3ε),
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to obtain a simplified expression written entirely in terms of the axion polynomials,
(4− 3ε)|W |2 − 4 (1 + 3
2
ε
)
[ReWta∂taReW + ImWt
a∂taImW ]− 4(1− 3ε)ImW (nLρˆL + uΛρˆΛ)
= (4− 3ε)ρ20 + 9Kaρ˜aρ0ε− (Kaρ˜a)2(1 + 154 ε)− 9ε ImW
(
taρa − ρˆKnK − ρˆΛuΛ
)
+ρ˜KImW (4
3
− 1
2
ε(1− 6ε)) .
(A.16)
Adding up the three components correctly, one can then deduce the final expression for
the scalar potential including the perturbative α′-corrections, namely equation (3.16), by
manipulating the end result further and separating zeroth order terms O(ε0), similar to
the ones that appear in the inverse metric (2.32), from higher order ε-corrections.
A.3 Alternative Computation of the ISD Scalar Potential
In section 4.1 a positive semi-definite form of the scalar potential in the presence of ISD
flux was used to extract the non-supersymmetric Minkowski vacuum configuration in term
of the axion polynomials. The precise form of this scalar potential can be derived by a
series of computations that start from the T-dual Type IIB picture. In Type IIB the
scalar potential associated to ISD flux vacua is explicitly positive definite when expressed
in terms of the background ISD G3 fluxes, see e.g. appendix A of [8],
VGKP =
1
24VM6
∫
M6
|G3+i?6G3|2
Im (τ)
= 1
2VM6 Im (τ)
∫
M6(ReG3 − ?6ImG3) ∧ ?6(ReG3 − ?6ImG3),
(A.17)
with the three-form flux G3 = F3 − τH3 and τ = C0 + i e−φ the (four-dimensional) axio-
dilaton. According the appendix A of [35] the Type IIB three-form flux can be T-dualised
to the closed string fluxes of Type IIA compactifications, when one considers the following
decomposition of the G3-flux in terms of harmonic three-forms,
G3 = − (e0 + Sh0, ea,−m,ma) ·

β0
βa
−α0
−αa
 . (A.18)
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In order to evaluate the scalar potential for the ISD-flux background, one needs to deter-
mine the Hodge duals of the harmonic three-forms [31,35],
?6
 βI
−αI
 =M−1
 αI
βI
 . (A.19)
The transformation matrix M−1 can be further decomposed in terms of the matrices
R = Re (NIJ) and I = Im (NIJ),
M−1 =
 I−1 −I−1R
−RI−1 I +RI−1R
 =
 I
−R I
 I−1
I
 I −R
I
 , (A.20)
which follow form the moduli-dependent matrix NIJ computed directly [31] from a pre-
potential F ,
NIJ = F IJ + 2i (ImF)IKX
K(ImF)JLXL
XK(ImF)KLXL , (A.21)
where XK represent the homogeneous coordinates used to parameterise the corresponding
moduli space. In the absence of perturbative α′-corrections one can insert the tree-level
pre-potential (2.6) for the Ka¨hler moduli sector to obtain the respective matrices, while
the inclusion of the perturbative curvature corrections requires us to use the modified
pre-potential (3.1). In the latter case, the resulting transformation matrix M−1 can be
decomposed as
M−1 = −3
2
Qt · R−1 ·G−1 · R−1t ·Q, (A.22)
with R the axion rotation matrix,
R =

1
−bi δij
1
6
Kijkbibjbk −12Kijkbjbk 1 bi
1
2
Kijkbjbk −Kijkbk δij
 (A.23)
and the lower order curvature corrections K
(1)
ab and K
(2)
a encoded in the matrix Q,
Q =

1 0 0 −K(2)a
0 δab −K(2)b −K(1)ab
0 0 δab 0
0 0 0 1
 . (A.24)
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Furthermore, the symmetric matrix G−1 incorporates the curvature corrections propor-
tional to K(3) in the form of the parameter ε,
G−1 = 1K(1+ 3
2
ε)


4 0 0 0
0 Kab 0 0
0 0 K
2
9
(
1 + 3
2
ε
)2
0
0 0 0 4
9
K2 (1 + 3
2
ε
)2
Kab

+ ε
1−3ε

9 0 0 9
2
Ka
0 −9tatb 3
2
Kta(1− 3ε) 0
0 3
2
Ktb(1− 3ε) −K2
4
(1− 3ε)2 0
9
2
Kb 0 0 94KaKb


(A.25)
By using the Hodge duality relations (A.19) we can rewrite the ISD three-form flux in
terms of the matrices R and Q and the (modified) axion polynomials (3.11) as follows,
−Re (G3) + ?6Im (G3) =

ρ0
ρa +
27ε
4(1−3ε)(1+ 3
2
ε)
Ka
K sρˆ0
−ρ˜− 6(1− 34 ε)
(1−3ε)(1+ 3
2
ε)
s
K ρˆ0
ρ˜a

t
· (R ·Q−1t) ·

β0
βa
−α0
−αa
 .
(A.26)
Next, we evaluate the expression of the scalar potential (A.17) for this flux background and
use the Hodge duality relations for the harmonic three-forms (A.19), such that a bilinear
structure in terms of the axion polynomials emerges explicitly. After the appropriate
Weyl rescaling to 4d Einstein frame we obtain
VGKP = e
KT+KQ

ρ0
ρa +
27ε
4(1−3ε)(1+ 3
2
ε)
Ka
K sρˆ0
−ρ˜− 6(1− 34 ε)
(1−3ε)(1+ 3
2
ε)
s
K ρˆ0
ρ˜a

t
· G−1 ·

ρ0
ρa +
27ε
4(1−3ε)(1+ 3
2
ε)
Ka
K sρˆ0
−ρ˜− 6(1− 34 ε)
(1−3ε)(1+ 3
2
ε)
s
K ρˆ0
ρ˜a
 .
(A.27)
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with G−1 = K(1+ 3
2
ε)G−1. Note that this expression is equivalent to equation (4.14) upon
rotation of the axion basis by the transformation matrix T,
T =

1 0 0 0
0 δba 0 0
0 0 0 −1
0 0 δab 0
 , (A.28)
which equally allows to switch between the flux quanta basis (e0, ea,−m,ma) and (e0, ea,ma,m).
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